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Pulmonary hypertensionBackground: Pulmonary hypertension (PH) essentially involves the right heart. Also left ventricular (LV)
systolic and diastolic functions may be affected. Objectives: The aim of this study was to investigate the
effect of pulmonary hypertension on both right and left ventricular systolic and diastolic functions by tis-
sue doppler echocardiography.
Methods: A total of 50 patients with PH in Echocardiographic assessment at Echocardiographic Unit,
Assuit University Hospital, Al-Azhar University and 20 controls were included in this study between
May 2012 and June 2014. All patients underwent electrocardiography (ECG), conventional and tissue
doppler echocardiography (TDI). The patients were divided into 3 subgroups according degree of PH:
patients with mild PH (group Ia, n = 15), moderate PH (group Ib, n = 20) and severe PH (group Ic, n = 15).
Results: There is statistically significant difference between the two groups (cases and control) as regard
mPAP, Pul.AAT, left ventricular diastolic function parameters (LV MV E/E0 and LV IVRT), right ventricular
diastolic function parameters (RV TV E/E0 and RV IVRT), right ventricular tissue doppler derived MPI and
ventricular dyssynchrony measured by IVDM, RV-LV LW time to onset intervals (Smo) and RV LW-Sept.
time to onset methods. There is no statistically significant difference between the two groups (cases and
control) as regard LV LW-Sept. time to onset (Smo) interval which assess Left intraventtricular syn-
chronicity. There is statistically significant difference between the subgroups in group 1 (cases) as regard
to LV diastolic function as measured by MV E/E0 , DT and IVRT methods. RV diastolic function as measured
by TV E/E0 , DT and IVRT methods. RV systolic function as measured by RV FAC, IVA, TAPSE. Systolic veloc-
ity (S) wave and RV MPI methods. Means LV and RV functions are affected by increased pulmonary pres-
sure and that effect become worse with increasing pulmonary pressure (increasing PH lead to increasing
deterioration of LV and RV functions). There is no statistically significant difference between the sub-
groups in group 1 (cases) as regard LV systolic function measured by LV MPI and average systolic (S) wave
methods.
Conclusion: TDI-derived methods more accurate and sensitive than conventional Echo pre-ejection per-
iod method for assessment of inter-ventricular mechanical delay.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Background
Pulmonary hypertension (PH) is a hemodynamic problem con-
dition defined as an increase in a pulmonary artery systolic pres-
sure (PASP)P 35 mmHg or mean pulmonary artery pressure(PAP) ofP25 mmHg at rest as assessed by right-heart catheteriza-
tion (RHC) [1].
It is a progressive disorder characterized by the presence of pre-
capillary PH due to relative blood flow obstruction proximal to the
lung capillary bed and increased pulmonary vascular resistance
(PVR). This results in right ventricular (RV) pressure overload, ulti-
mately leading to right-heart failure and death [2].
Right ventricular overload, as a consequence of the increase of
pulmonary vascular tension, can affect the left ventricular filling
profile due to shift of interventricular septum into the left ventric-
ular cavity that result in limitation of left ventricular cavity dimen-graphic
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rise of the left ventricular diastolic pressure [3].
PH is a manifestation of various types of cardiopulmonary and
systemic diseases. If there is no underlying reason for PH, it is
called primary PH. Pulmonary artery catheterization is the gold
standard test for the measurement of PAP; nevertheless, it is both
invasive and costly. In contrast, echocardiography is a noninvasive
technique that has been used traditionally to measure PAP [4]. It
provides the anatomy of the right heart, non-invasive hemody-
namic assessment, systolic and diastolic evaluation of the right
heart, and serial follow-up for this patient population [5].
Tissue doppler imaging has been used to quantify myocardial
velocities and strain to assess both global and regional LV and RV
function [6].
Tissue doppler echocardiographic analysis can be displayed
alone and on-line from one site, or in conjunction with color M-
Mode or color two-dimensional echocardiography. The final gra-
phic display includes one positive systolic (S) deflection, and two
negative diastolic waveforms. The systolic waveform is preceded
by regional isovolumic contraction time and the diastolic waves
are preceded by regional isovolumic relaxation time. The first dias-
tolic deflection represents the early rapid filling phase (E), which is
followed by a period of diastasis, and a second late active filling
phase (A) due to atrial contraction. Although similar to conven-
tional Doppler these measures represent regional functions when
the sample volume is located within the myocardium and global
function when located within the mitral annulus [7].
We have studied the impact of pulmonary hypertension on both
right and left ventricular systolic and diastolic functions.
Patients and methods
The study included 70 subjects undergoing Echocardiographic
assessment at Echocardiographic Unit, Azhar Assiut University
Hospital between May 2012 and June 2015. The study protocol
was approved by the local ethics committees, and all patients gave
adequate informed consent
Those subjects were classified into two groups:
Study group (I)
Included 50 patients [34 (62%) males and 16 (38%) females],
with age from 45 to 65 years old with mean age 54.6, all patients
have pulmonary hypertension. Which is further subdivided into:
Group Ia (15 patients with mild pulmonary hypertension), Group
Ib (20 patient with moderate pulmonary hypertension and Group
Ic (15 patients with severe pulmonary hypertension).
Control group (II)
Included 20 healthy subjects [12 (60%) males and 8 (40%)
females], with age from 40 to 65 years old with mean age
52.9 year.
Inclusion criteria
All patients included in this study have echocardiographic crite-
ria that enforce the possibility of PH which include the following:
– Right Ventricular size more than half of Left ventricular size.
– RVOT acceleration time <105 ms.
– RV isovolumic Relaxation time >75 ms.
– -Tricuspid Regurge Velocity >2.6 m/s.
– TAPSE <20 mm.
– End diastolic PR velocity >1 m/s.
– Inferior vena cava diameter >20 mm and <50% inspiratoy
collapse.
– Increase RV wall thickness.Please cite this article in press as: M. Mahmoud et al., Impact of pulmonary
study, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.1016/j.ejcdt.201– Dilated main pulmonary artery.
Patients with PH proved by echocardiography (estimating pul-
monary artery systolic pressure obtained from measuring degree
of tricuspid valve regurge and then calculating mean pulmonary
artery pressure (mPAP) by using the following formula: mean
PAP = 0.61  (systolic PAP + 2 mmHg) and classified according to
that as follows: mild PH (mPAP = 25–35 mmHg), moderate PH
(mPAP = 36–45 mmHg) and severe PH (mPAP > 45 mmHg)
Exclusion criteria
Any hemodynamically unstable patients or patients with end
stage renal or liver diseases, known ischemic heart disease, hyper-
tension, Diabetes mellitus, aortic valve disease, mitral regurge,
right ventricular outflow obstruction, congenital defects or
patients with non sinus rhythm were excluded from current study.Methods
All patients were assessed clinically, including the evaluation of
cardiovascular risk factors (HTN, PVD, signs of CHF) and complete
general, cardiac and chest examination. Laboratory (including fast-
ing blood sugar, serum creatinine, serum calcium level and serum
cholesterol level), pulmonary function test, 12-lead resting ECG,
chest X-ray and complete transthoracic echocardiographic exami-
nation were done.
Echocardiographic evaluation
Complete Transthoracic Echocardiographic examination using
Vivid 7 phased array system equipped including conventional
echocardiography and tissue doppler echocardiography, all
echocardiographic examinations performed after 20–30 min of rest
with the patient in quiet respiration in the partial left lateral decu-
bitus position, using a 2–4 MHz transducer, and accompanied by
recording resting electrocardiography, the following views were
used;
 Parasternal long and short axis view.
 Apical four and two chamber views.
 Subcostal view in some patients with poor echo window.
All echocardiographic parameters measured according to the
American Society of Echocardiography values for each parameter
obtained by averaging measurements from three successive car-
diac cycles. RVSP can be reliably determined from peak TR jet
velocity, using the simplified Bernoulli equation and combining
this value with an estimate of the RA pressure: RVSP = 4(V)2 + RA
pressure, where V is the peak velocity (in meters per second) of
the tricuspid valve regurgitant jet, and RA pressure is estimated
from IVC diameter and respiratory changes. In the echocardiogra-
phy laboratory, SPAP is more commonly measured and reported.
Normal resting values are usually defined as a peak TR gradient
of 62.8–2.9 m/s or a peak systolic pressure of 35 or 36 mmHg,
assuming an RA pressure of 3–5 mmHg [8].
Mean PA pressure can be estimated by using pulmonary AT
measured by pulsed Doppler of the pulmonary artery in systole,
whereby mean PA pressure = 79  (0.45  AT) [9].
LV systolic function was measured by calculating Ejection
Fraction(EF) using; M-mode method: Measuring the dimension of
left ventricle, from the leading edge of septal endocardial echo to
the leading edge of posterior wall of endocardium By using
Tiecheol’s equation: Ejection Fraction (EF) (%) = (LVIDd3  LVISd3)/
LVIDd3  100hypertension on biventricular functions tissue doppler echocardiographic
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border of LV in the apical four chambers and apical two chambers
views for detecting LVEDV, LVESV in both views for calculating EF
Pulsed wave myocardial performance index (PW-MPI)
Mitral inflow and left ventricular outflow velocity-time inter-
vals were used to measure Doppler time intervals:
The interval ‘A’ from the cessation to the onset of mitral inflow
was equal to the sum of Isovolumetric Contraction Time (IVCT),
Ejection Time (ET), and Isovolumetric Relaxation Time (IVRT.)
Left ventricular ET ‘B’ was the duration of the left ventricular
Ejection during systole. Thus, the sum of IVCT and IVRT was
obtained by subtracting ‘B’ from ‘A’.
The MPI was calculated as (A  B)/B.
Tissue doppler imaging (TDI)
By activating the DTI function in the echocardiography machine
the mitral annular velocities were recorded using the pulsed-wave
DTI. A variable frequency phased array transducer (2.0–4.0 MHz)
was used. The filter settings were kept low (50 Hz) and gains were
adjusted at the optimal level for good quality velocity. From the
apical 4-chamber view, the following was calculated:
The longitudinal mitral annular velocities were recorded from
septal, lateral, anterior and inferior LV sites. The positive peak sys-
tolic velocity when the mitral ring moved toward the cardiac apex
due to longitudinal contraction of the LV (S0 wave).
Two negative diastolic velocities when the mitral annulus
moved toward the base away from the apex, one during the early
phase of diastole (E0) and the other in the late phase of diastole (A0).
Average S wave
The mitral annular positive peak systolic velocities were
recorded from septal, lateral, anterior and inferior LV sites. A mean
value for the above four sites was used to assess global systolic
function.
Myocardial performance index by TDI (MPI-TDI)
This was done by TDI velocity time intervals were measured
from the sites at mitral annulus at the septal & lateral segments.
TDI isovolumetric contraction time (ICT) was measured
between cessation of A0 wave and onset of S0 wave.
TDI ejection time (ET) was obtained between onset and cessa-
tion of S0 wave.
TDI isovolumetric relaxation time (IRT) was obtained between
cessation of S wave and onset of E0 wave.
MPI-TDI was calculated as (ICT + IRT)/(ET).
LV diastolic function
This was done as the following:
The Doppler beam was aligned to the direction of flow and a 1-
to 2-mm sample volume placed between the tips of the mitral leaf-
lets during diastole, in the apical 4 chamber view for detecting:
Transmitral early (E) and late (A) velocity waves. Deceleration
Time(DT); measured along the descending slope of mitral flow A
wave. E/A ratio; (normally > 0.8).
Left atrium dimension (LA)
Measured in the long axis parasternal view on the same line
with the aortic valve leaflets between its both leading edges,
(normally < 20 cm).Please cite this article in press as: M. Mahmoud et al., Impact of pulmonary
study, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.1016/j.ejcdt.2016Isovolumic relaxation time
Measured by TDI-PWD at left ventricular basal lateral wall from
the end of systolic velocity wave(S wave) to the onset of early dias-
tolic wave (E0 wave).
MV E/E0 ratio: measured by TDI-PWD to obtain mitral inflow
early diastolic velocity wave E0 then calculating E/E0 ratio.
RV systolic function
Tricuspid Annuluar S wave; measured by TDI-PWD at lateral
basal tricuspid annular positive peak systolic velocity (S wave nor-
mally > or equal to 10 cm).
Fractional Area Change (FAC) is obtained by tracing the RV
endocardium both in systole and diastole from the annulus, along
the free wall to the apex, and then back to the annulus, along the
interventricular septum. Care must be taken to trace the free wall
beneath the trabeculations, FAC is the percentage of difference
between both systolic and diastolic values (Normally; 35–60%).
Tricuspid Annular Peak Systolic Excurtion (TAPSE) is acquired
by placing an M-mode cursor through the tricuspid annulus and
measuring the amount of longitudinal motion of the annulus at
peak systole (normal value >16 cm).
Pulsed wave myocardial performance index (PW-MPI)
In the pulsed Doppler method, the ET is measured with pulsed
Doppler of RV outflow (time from the onset to the cessation of
flow), and the tricuspid (valve) closure-opening time is measured
with either pulsed Doppler of the tricuspid inflow (time from the
end of the transtricuspid A wave to the beginning of the transtri-
cuspid E wave).
Myocardial acceleration during isovolumic contraction (IVA) is
obtained by measuring the peak isovolumic myocardial velocity
then divided by time to peak velocity by Doppler tissue imaging
at the lateral tricuspid annulus.
Measurement of RV diastolic function
From the apical 4-chamber view, the Doppler beam should be
aligned parallel to the RV inflow. Proper alignment may be facili-
tated by displacing the transducer medially toward the lower
parasternal region the sample volume should be placed at the tips
of the tricuspid leaflets with this technique, measurement of
transtricuspid flow velocities can be achieved in most patients,
with low interobserver and intraobserver variability for detecting:
Tricuspid early (E) and late (A) velocity waves.
Deceleration Time(DT); measured along the descending slope of
tricuspid flow A wave.
E/A ratio; (normally >0.8)
Right Atrium Dimension(RA): measured in the apical four
chamber view,by tracing right atrial area (normally <18 cm)
Isovolumic Relaxation Time: measured by TDI-PWD at Right
ventricular basal lateral wall from the end of systolic velocity
wave(S wave) to the onset of early diastolic wave (E0 wave).
TV E/E0 ratio: measured by TDI-PWD to obtain tricuspid inflow
early diastolic velocity wave E0 then calculating E/E0 ratio.
Assessment of ventricular dyssynchrony
Interventricular dyssynchrony
LV-PEP: measured by using pulsed wave Doppler in apical five
chamber view by measuring time interval from Q-wave to the
onset of aortic flow.hypertension on biventricular functions tissue doppler echocardiographic
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Table 1
Comparison between the two groups according to patient’s echo and TDI
characteristics.
Cases Control p-Value
Mean ± SD Mean ± SD
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short axis view by measuring time interval from Q-wave to the
onset of pulmonary flow.
IVMD: measured by calculating the difference between RV-PEP
and LV-PEP which is normally <40 ms.
RV-LV LW TDI Smp: which represent the difference in time to
peak systolic time intervals between both basal lateral walls
of both right and left ventricles (measured from onset of Q-
wave to the peak of systolic velocity wave i.e. S wave, normally
<65 ms).
RV-LW TDI Smo: which represent the difference in time to
onset systolic time intervals between both lateral basal wall
of both right and left ventricles (measured from onset of Q-
wave to the onset of systolic velocity wave i.e. S wave, normally
<25 ms).
Intra-ventricular dyssynchrony
RV-Septal TDI Smp: which represent the difference in time to
peak systolic time intervals between RV basal lateral wall and
basal septum (measured from onset of Q-wave to the peak of
systolic velocity wave i.e. S wave, normally <65 ms).
RV-Septal TDI Smo:: which represent the difference in time to
onset systolic time intervals between RV basal lateral wall
and basal septum (measured from onset of Q-wave to the onset
of systolic velocity wave i.e. S wave, normally <20 ms).
LV-Septal TDI Smp: which represent the difference in time to
peak systolic time intervals between LV basal lateral wall and
basal septum (measured from onset of Q-wave to the peak of
systolic velocity wave i.e. S wave, normally <65 ms).
LV-Septal TDI Smo:: which represent the difference in time to
onset systolic time intervals between LV basal lateral wall and
basal septum (measured from onset of Q-wave to the onset of
systolic velocity wave i.e. S wave, normally <20 ms).
Statistical analysis
Data were analyzed using IBM SPSS Advanced Statistics, version
20.0 (SPSS Inc., Chicago, Illinois, USA). Numerical data were
expressed as mean and SD or median and range as appropriate.
Qualitative data were expressed as frequency and percentage. For
quantitative data, comparison between the two groups was made
using Unpaired Student T-test. Non parametric variables using
Kruskell Wallis and Mann Whitney test, while Percentage and fre-
quency using chi-square test. A probability value (P Value) less
than 0.05 was considered significant.mPAP 42.52 ± 10.87 15.5 ± 1.96 <0.0001
Pul.AAT 88.64 ± 12.75 134 ± 7.3 <0.0001
LV MPI PWD 0.45 ± 0.03 0.43 ± 0.02 0.2
LV MPI TDI 0.47 ± 0.02 0.47 ± 0.02 0.7
EF by Simpson 64.14 ± 4.32 64.75 ± 4.6 0.6
Average S wave 12.21 ± 10.06 12.4 ± 1.64 0.5
EF by M-mode 63.9 ± 4.06 65.1 ± 4.03 0.2
MV E/E0 ratio 9.04 ± 4.93 5.32 ± 1.09 0.001
LA area 16.42 ± 3.04 13.2 ± 1.57 <0.0001
MV E/A ratio 1.08 ± 0.32 1.3 ± 0.13 <0.0001
DT 215 ± 30.2 1.35 ± 0.13 <0.0001
IVRT (ms)lv 88.68 ± 12.6 76.05 ± 5.6 0.001
IVMD 33.8 ± 14.7 15.3 ± 4.4 <0.0001
RV-LV LW TDI-Smo delay 33.8 ± 14.7 15.3 ± 4.4 <0.0001
RV LW-Sep TDI-Smo delay 26.18 ± 10.8 14.2 ± 2.3 <0.0001
LV LW-Sept TDI-Smo delay 14.5 ± 3.2 14.2 ± 2.3 0.02
mPAP = mean pulmonary arterial pressure.
E/A ratio = E (peak velocity of early diastolic filling)/A (peak late filling with atrial
contraction) ratio.
DT = deceleration time.
IVRT = isovolumic relaxation time.
LV = left ventricular.Results
Comparison between the two groups according to patient’s echo and
TDI characteristics
There was statistically significant difference between the two
groups as regard mPAP (42 ± 10.87% and 15.5 ± 1.96), Pul.AAT
(88.64 ± 12.75% and 134 ± 7.3), MV E/E0 ratio (9.04 ± 4.93% and
5.32 ± 1.09), IVRT ratio (88.68 ± 12.6 and 76.05 ± 5.6), RV MPI-TDI
(was 0.60 ± 0.18% and 0.4 ± 0.10%), TV E/E0 ratio (was 8.2 ± 1.35%
and 3.07 ± 0.83%), IVMD (was 33.8 ± 14.7% and 15.3 ± 4.4%), RV-
LV LW TDI-Smo delay (was 33.8 ± 14.7% and 15.3 ± 4.4%), RV LW-
Sep TDI-Smo delay (was 26.18 ± 10.8% and 14.2 ± 2.3%) (P
value < 0.01) and LV LW-Sept TDI-Smo delay (was 14.5 ± 3.2%
and 14.2 ± 2.3%) in group I and II respectively (P value < 0.05). On
other hand, there is no statistically significant difference between
the two groups (cases and control) as regard LV MPI PWD, LVPlease cite this article in press as: M. Mahmoud et al., Impact of pulmonary
study, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.1016/j.ejcdt.201MPI TDI, EF by Simpson, average S wave and EF by M mode (P
value > 0.05) (Table 1).Comparison between subgroups (diseased patients) as regard echo and
tissue doppler characteristics
There was statistically significant difference between the sub
groups as regard to MV E/E0 ratio (was 5.7 ± 1.3%, 6.2 ± 1.3% and
16.2 ± 1.3%, LV DT was 203 ± 18.6%, 200 ± 20.7% and 249.4 ± 24.2,
IVRT was 81.1 ± 4.2%, 81.8 ± 6.2% and 105 ± 8.24%, RV MPI-PWD
was 0.3 ± 0.09%, 0.46 ± 0.06% and 0.65 ± 0.6%, RV MPI-TDI was
0.4 ± 0.12%, 0.6 ± 0.1% and 0.7 ± 0.08%, RV FAC was 55.8 ± 4.4%,
39.2 ± 10.3% and 0.7 ± 0.08%, RV S-wave was 12.5 ± 0.92%,
9.8 ± 2.1% and 5.6 ± 1.5%, IVA was 3.9 ± 0.7%, 2.6 ± 1.05% and
1.6 ± 0.2%, TASPE was 20.8 ± 1.7%, 16.8 ± 3.4% and 11.4 ± 2.13%,
TV E/E0 ratio was 7.3 ± 1.11%, 8.5 ± 1.4% and 8.6 ± 1.11%, DT (RV)
was 242.6 ± 1.04%, 274.5 ± 6.6% and 289.8 ± 5.18% and IVRT (RV)
was 90.5 ± 5.6%, 90.2 ± 4.8% and 99.3 ± 4.08%) in group Ia, Ib and
group Ic respectively (P value < 0.01). While there was no statisti-
cally significant difference between the sub groups as regard LV
MPI-TDI, LV MPI-TDI and average S wave (P value < 0.1) (Table 2).Discussion
Pulmonary hypertension is an abnormal elevation of the pres-
sure in the blood vessels of the lungs. In fact, it could be called
the ‘‘high blood pressure” of the lungs. In normal lungs, the pres-
sure in the blood vessels is about one-quarter of the pressure in
the arteries of the body and can temporarily adapt to increased
pressures that occur during exercise. In pulmonary hypertension,
the small arteries in the lungs are too narrow, so the pressure rises
in these vessels. As a result, the right side of the heart, which
pumps blood into the lungs, has to pump against a higher resis-
tance to blood flow. This makes it more difficult to pump the blood
through the lungs, particularly when increased flow is needed, as
when a patient exercises [10].
There are different forms of pulmonary hypertension. The term
primary pulmonary hypertension is often used when the underly-
ing cause or trigger has not yet been found. Secondary pulmonaryhypertension on biventricular functions tissue doppler echocardiographic
6.09.001
Table 2
Comparison between subgroups as regard echo and tissue doppler characteristics.
Group Ia Mild PH Group Ib Moderate PH Group Ic Severe PH p-Value
Mean ± SD Mean ± SD Mean ± SD
EF by Simpson 66.4 ± 4.1 64.4 ± 4.4 61.4 ± 2.8 0.001
EF by M-mode 65.6 ± 4.2 64.05 ± 4.08 62 ± 3.1 0.04
MV E/E0 ratio 5.7 ± 1.3 6.2 ± 1.3 16.2 ± 1.3 0.000
LA area 14.8 ± 1.7 14.9 ± 1.6 20 ± 2.47 0.000
MV E/A ratio 1.3 ± 0.02 1.2 ± 0.15 0.6 ± 0.09 0.000
DT (LV) 203 ± 18.6 200 ± 20.7 249.4 ± 24.2 0.000
IVRT (ms) 81.1 ± 4.2 81.8 ± 6.2 105 ± 824 0.000
RV MPI PWD 0.3 ± 0.09 0.46 ± 0.06 0.65 ± 0.6 0.000
RV MPI TDI 0.4 ± 0.12 0.6 ± 0.1 0.7 ± 0.08 0.000
RV FAC 55.8 ± 4.4 39.2 ± 10.3 0.7 ± 0.08 0.000
RV S-wave 12.5 ± 0.92 9.8 ± 2.1 5.6 ± 1.5 0.000
IVA 3.9 ± 0.7 2.6 ± 1.05 1.6 ± 0.2 0.000
TASPE 20.8 ± 1.7 16.8 ± 3.4 11.4 ± 2.13 0.000
TV E/E0 7.3 ± 1.11 8.5 ± 1.4 8.6 ± 1.11 0.009
DT (RV) 242.6 ± 1.04 274.5 ± 6.6 289.8 ± 5.18 0.000
IVRT (RV) 90.5 ± 5.6 90.2 ± 4.8 99.3 ± 4.08 0.000
LV MPI PWD 0.46 ± 0.03 0.45 ± 0.03 0.46 ± 0.02 0.4
LV MPI TDI 0.47 ± 0.02 0.46 ± 0.02 0.47 ± 0.01 0.5
Average S wave 12.2 ± 1.04 12.5 ± 1.01 11.8 ± 1.09 0.1
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cause or trigger that has been identified [11].
Pulmonary arterial hypertension is a progressive disorder that
results in right ventricular dysfunction and impairment in func-
tional capacity, which may lead to right heart failure and death,
In recent years, dramatic advances have been made in the diagno-
sis, treatment options, and the pathophysiological causes [8].
The significance of the right ventricular performance, is recog-
nized as one of the factors determining the clinical course and
prognosis in chronic obstructive pulmonary disease with pul-
monary hypertention (independent of severity of bronchial obtura-
tion), a potential role of the left ventricle is, however, less studied
[9].
The influence of the right ventricular volume or pressure over-
load on the left ventricular function is known as the reverse Bern-
heim phenomenon, and is associated with the existence of a
common wall such as the interventricular septum, and the com-
mon pericardium holding the cavities of the heart [11].
As a consequence of a leftward shift of the interventricular sep-
tum and of pericardial restraint, related to the degree right ventric-
ular dilatation, left heart function would be influenced after
pulmonary hypertension and right heart failure [12].
Echocardiography has become the most widely used non inva-
sive method for the assessment of left ventricular function in daily
practice. While ejection fraction is the parameter most commonly
used for the assessment of systolic function, transmitral velocities
and the velocity ratio have proved to be a useful indicator for the
evaluation of diastolic function. However, these parameters have
some limitations. Ejection fraction evaluation depends on the
assumptions of LV geometry and it needs a non-oblique image
apex visualization, adequate endocardial definition, and accurate
identification of the endocardial borders [13].
Tissue doppler echocardiography is a technique that allows bet-
ter assessment of regional and global LV functions by the quantifi-
cation of myocardial velocities and is not affected by the quality of
the image or ventricular geometric shape. Also, it is influenced only
partially by the changes in preload, cardiac rhythm, and left atrial
pressure, and allows the measurement of time intervals in the
same cycle [14].
Tissue doppler echocardiography, a variation of conventional
pulse wave doppler echocardiography, measures myocardial
motion and velocity. During conventional pulse wave doppler, a fil-
ter eliminates the lower velocities generated by cardiac tissue,
allowing the system to concentrate on higher velocities scatteredPlease cite this article in press as: M. Mahmoud et al., Impact of pulmonary
study, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.1016/j.ejcdt.2016from moving red blood cells. This filter is inactive during tissue
doppler imaging, allowing measurement of the higher amplitude
lower velocity signals generated by tissue motion [15].
The purpose of this study is to clarify the impact of pulmonary
hypertension on both right and left ventricular systolic and dias-
tolic functions.
As regard to left ventricular systolic function; all patients
included in this study show normal LV systolic function as assessed
by different methods either by conventional Echo (PWD-MPI, EF-
simpson method and EF-M mode method) or by tissue doppler
study (TDI-MPI and average S wave), and no statistically significant
difference between these patients and control group as regard LV
systolic function .
Findings agreed with Shu-Mei et al. [16] which included 30
individuals without PH (group 1) and 40 patients with chronic
PH (group 2). They found that there was no difference in terms
of either LV ejection fraction or maximal mitral annular plane sys-
tolic excursion between the two groups, but as expected, group 2
patients had larger RV end-systolic and end-diastolic areas with
worse parameters of systolic function, including both RV fractional
area change and maximal tricuspid annular plane systolic excur-
sion, than group 1 patients.
Also Luo et al. [17] who found that in patients with pulmonary
hypertension and right ventricular dilatation, reduced left ventric-
ular end-diastolic volume contributes to the decrease in stroke vol-
ume, Although reduction of left ventricular ejection fraction may
occur in patients with pulmonary hypertension, it is a rather rare
finding.
But Correia et al. [18] found that pulmonary hypertension and
right ventricular heart failure that left ventricular diastolic dys-
function develops as a result of ventricular interdependence and
neurohumoral activation. Over time, isolated right ventricular fail-
ure can lead to left ventricular failure.
In this study mild pulmonary hypertension has no effect on LV
function while moderate and sever degrees result in impairment of
LV diastolic function, also LA area method is the least specific and
unreliable method for assessment of LV diastolic function in these
patients while IVRT-TDI method is the most specific and conclusive
method (all patients with moderate and sever PH have impaired LV
diastolic function by IVRT-TDI method.
LV diastolic dysfunction measured by E/A ratio method and
IVRT-DTI method related to the degree of mean PAP and all
patients with diastolic dysfunction have E0 < 8 cm/s. In concor-
dance with this study data, Boussuges et al. [19] reported similarhypertension on biventricular functions tissue doppler echocardiographic
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tension using combined analysis of pulmonary venous and mitral
blood flow velocities., the authors observed impaired left ventricu-
lar filling and an increased contribution of atrial contraction to left
ventricular filling despite normal systolic left ventricular function
in their patients compared with control subjects. However, they
acknowledged that their patients had a significantly higher heart
rate than control subjects, which might have influenced their
results since tachycardia shortens the diastolic filling period and
atrial contraction may have occurred before the early filling was
completed.
That also came in agreement with previous study performed by
Shu-Mei et al. [16] who found that Diastolic dysfunction is the
most frequent type of LV impairment in patients with PH. Usually,
patients with PH show a delayed relaxation pattern of LV filling
and a small end-diastolic LV volume. Also Luo et al. [17] said that
Severe PH frequently causes compression of the left heart cavities
& abnormal left ventricular filling. This can be measured easily by
echocardiography.
Also it came in agreement with Ozer et al. [20] who studied the
mitral inflow velocity using Doppler echocardiography and the
flow propagation velocity using color Doppler M-mode image in
patients with PH and healthy volunteers. They found that patients
with PH had abnormal LV diastolic function parameters (lower
mitral E and higher A waves, lower E/A ratio and longer IVRT)
when compared to healthy volunteers. However, interpretation
of the patterns derived from transmitral Doppler flow is often lim-
ited by the influence of hemodynamic factors such as heart rate,
afterload, preload, intravascular volume. In these patients, Right
ventricular pressure overload leads to a leftward shift of the inter-
ventricular septum, resulting in impaired LV early filling also the
restraining influence of the pericardium and reduction in RV out-
put could result in decreased LV preload and reduced LV filling pat-
terns. But, the substantial contribution to this impaired function is
due to the septum delaying the opening of mitral valve and the
start of filling.
Also our study finding came in agreement with Chang et al. [21]
who found that the Em velocity was significantly reduced and the
rate of mitral E/A < 1 and Em < 8 cm/s were higher in patients with
PH when compared with both the patients without PH and the
control group. They also reported the Em velocity of 8 cm/s as a
cut off value in determining LV diastolic dysfunction . Thereby,
the TDI method is a very valuable tool for assessing global LV dias-
tolic function in pathological conditions.
Same results were found by Schoos et al. [22] in a study include
a total of 67 patients with COPD and 20 controls. This study shows
that LV diastolic dysfunction in COPD is closely correlated to PH
levels. Although increased mPAP may affect the mitral E/A ratio,
it seems to have no effect on mitral E/A < 1, whereas it has an inde-
pendent effect on Em < 8 cm/s.
As regard to right ventricular systolic function; our study con-
cluded that: there is strong correlation between TAPSE and FAC
methods for assessment of systolic function as both methods give
similar results. MPI-TDI method is the most accurate and sensitive
method for assessment of systolic function in these patients. there
is strong correlation between MPI-TDI, S-wave and TAPSE methods
with the degree of mean pulmonary artery pressure.
This study shows a moderate correlation between MPI-TDI and
conventional MPI-PWD in assessment of systolic function. There is
highly significant statistical difference between patients and con-
trol group in all methods used for assessment of systolic function.
Our study findings came in agreement with a study performed by
Harada et al., [23] include 172 patients with PH and 37 healthy
subjects. This study demonstrated a moderate agreement between
MPI-TDI and conventional MPI-PWD in assessment of systolic
function in patients with PH of various etiologies. also a good cor-Please cite this article in press as: M. Mahmoud et al., Impact of pulmonary
study, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.1016/j.ejcdt.201relation of MPI-TDI with RV ejection fraction and RV fractional area
change was found indicating that MPI-TDI might be superior to
MPI-PWD. MPI-TDI is a parameter unaffected by RV geometry
and importantly has the advantage of simultaneously recording
the time intervals from the same cardiac cycle.
Also came in agreement with Simon et al., who found that MPI
has high sensitivity and negative predictive value for detecting
abnormal RV systolic function, also TDI has been more frequently
used for right and left ventricles instead of the conventional
approach. When TDI is performed on the lateral aspect of the tri-
cuspid annulus, it allows the evaluation of parameters required
to calculate MPI, namely isovolumic contraction and relaxation
times, as well as ejection time [6].
Also our study findings agreed with that in a study performed
by Shu-Mei et al. [16] which include 30 healthy control (group 1)
and 40 patients with chronic PH (group 2). They found that group
2 patients had larger RV end-systolic and end-diastolic areas with
worse parameters of systolic function, including both RV fractional
area change and maximal tricuspid annular plane systolic excur-
sion, than group 1 patients.
Findings in this study also agreed with that obtained by Ghio
et al. [24] from a study of 76 patients with chronic pulmonary
hypertension and 30 control, they found that patients with chronic
pulmonary hypertension had statistically different right ventricu-
lar fractional area change, right ventricular end-systolic area, right
ventricular Myocardial Performance Index, and Eccentricity Index,
than individuals without pulmonary hypertension and all corre-
lated to the severity of pulmonary hypertension.
Also our results came in agreement with Borges et al. [25] in a
study includes 47 patients with PH and 20 controls which confirm
that RV global and regional function in patients with pulmonary
hypertension was significantly impaired with respect to controls.
Previous reports demonstrated that both systolic and early dias-
tolic regional velocities are directly dependent on myocardial
structure, characterized by the presence of interstitial fibrosis
Therefore, the impairment of myocardial indexes in our patients
with PH can be easily explained as a consequence of a direct
involvement of RV walls by a myopathic process, which is charac-
terized by extensive areas of interstitial and perivascular fibrosis,
particularly involving the RV subendocardium.
As regard to rght ventricular diastolic function; all patients
included in this study show impaired diastolic function as assessed
by different methods (IVRT-TDI, DT, TV E/A ratio, RA area and TV E/
E0 ratio) only 3 patients (6%) with mild Pulmonary hypertension
show within normal RA area (RA area < 18). Also by considering
numbers variation in master tables we can conclude that: there
is strong correlation between TDI-IVRT, TV E/E0 ratio with the
degree of mean pulmonary artery pressure and pulmonary artery
acceleration time. TDI – derived IVRT for assessment of RV diastolic
function is the most accurate and sensitive one of all methods
used.
In concordance with our study findings Caso et al. [26] found
that the basal segment IVRT, obtained at RV free wall, was signifi-
cantly prolonged in patients with PH and correlates well with the
invasive PAP measurement and, therefore, can be used to predict
systolic PAP. It can even be considered as an alternative to TR-
derived systolic PAP when TR is nonrecordable. A proposed method
to derive systolic PAP from the basal segment IVRT should be
added to the standard echocardiographic protocol while screening
patients at risk for PH, monitoring the disease progression, and the
effect of treatment.
That came in agreement with previous study performed by Ghio
et al. [24] who found that PH frequently causes right ventricular
and right atrial dilatation, abnormal inter-ventricular septal
motion, right ventricular diastolic dysfunction, and dilatation of
the superior and inferior vena cavae and hepatic veins.hypertension on biventricular functions tissue doppler echocardiographic
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All patients in subgroub 1a show no either inter-ventricular or
intra-ventricular dyssynchrony as assessed by different methods.
Patients in subgroub 1B show the following
There is NO left intra-ventricular dyssynchrony in this patients
subgroub as assessed by different methods (LV-Sept. TDI-Smp
<65 ms and LV-Sept. TDI-Smo <20 ms).
There are 9 patients (45%) with inter-ventricular dyssynchrony
(IVMD >40 ms) and 11 patients (55%) normal.
RV-LV TDI-Smp; there are 11 patients (55%) with inter-
ventricular dyssynchrony (differance >65 ms) and 9 patients
(45%) normal.
RV-LV TDI-Smo; there are 11 patients (55%) with inter-
ventricular dyssynchrony (differance >25 ms) and 9 patients
(45%) normal.
RV-Sept. TDI-Smp; there are 11 patients (55%) with intra-
ventricular dyssynchrony (differance >65 ms) and 9 patients
(45%) normal.
RV-Sept. TDI-Smo; there are 14 patients (70%) with intra-
ventricular dyssynchrony (differance >20 ms) and 6 patients
(30%) normal.
Patients in subgroub 1C show the following
LV-Sept. TDI-Smp; All patients are normal.
LV-Sept. TDI-Smo; there are 3 patients (14%) with intra-
ventricular dyssynchrony (differance >20 ms) and 12 patients
(86%) normal.
IVMD; there are 11 patients (72%) with inter-ventricular
dyssynchrony (IVMD >40 ms) and 4 patients (28%) normal.
RV-LV TDI-Smp; there are 11 patients (72%) with inter-
ventricular dyssynchrony (differance >65 ms) and 4 patients
(28%) normal.
RV-LV TDI-Smo; there are 12 patients (79%) with inter-
ventricular dyssynchrony (differance >25 ms) and 3 patients
(21%) normal.
RV-Sept. TDI-Smp; there are 13 patients (86%) with intra-
ventricular dyssynchrony (differance >65 ms) and 2 patients
(14%) normal.
RV-Sept. TDI-Smo; there are 14 patients (93%) with intra-
ventricular dyssynchrony (differance >20 ms) and one patient
(7%) only normal.
Our findings in this study came in agreement with previous
study include 20 patients by Lopez-Candales et al. [27] who found
that Right ventricular dyssynchrony occurs in patients with
chronic pulmonary hypertension correlated very well with right
ventricular end-systolic area and Eccentricity Index, Furthermore,
right ventricular dyssynchrony is associated with disease severity
as it correlates with pulmonary hypertension severity index, World
Health Organization class, and number of hospitalizations. In addi-
tion, the long-term effects of right ventricular dyssynchrony on
morbidity and mortality as well as whether right ventricular resyn-
chronization therapy that might correct right ventricular dyssyn-
chrony and restore right ventricular function with resultant
improvement of markers of disease severity and functional capac-
ity require investigation.
Also same findings was noticed by Rajagopalan et al. [28] in a
study include 52 patients and 25 controls they found that right
ventricular dyssynchrony occurs in patients with pulmonary
hypertension strongly correlated to disease severity and in con-
trast to the lack of association between electrocardiographic
abnormalities and dyssynchrony, RV morphology and functionPlease cite this article in press as: M. Mahmoud et al., Impact of pulmonary
study, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.1016/j.ejcdt.2016appeared to be related to RV dyssynchrony. Larger RV end diastolic
and RV end systolic areas were noted in the patients with RV
dyssynchrony.
In contrast to our finding chow et al. [29] stated that right ven-
tricular dyssynchrony is clearly evident with mild elevations in the
pulmonary artery systolic pressure even when standard echocar-
diographic indices of right ventricular size and function are still
within normal limits. Therefore, it is tempting to suggest that TDI
might be useful in the early identification of patients with subclin-
ical evidence of right ventricular dysfunction but further studies
are required, this disagreement could be attributed to the method
of assessment of dyssynchrony which is longitudinal in his study
while horizontal in our study.
But in agreement with our results chow et al. [29] found that
right ventricular dyssynchrony was due to delayed RV lateral wall
activation rather than to a septal motion abnormality. In addition,
they found no significant dyssynchrony between septal to LV lat-
eral activation in these patients. Although a clear mechanism to
explain the delayed RV wall contractility is beyond the scope of
this study, they speculate that either ischemia with consequent
tethering (post-systolic shortening) of the RV wall or differences
in afterload-dependency of the right ventricular free wall when
compared to the interventricular septum might be considered pos-
sible mechanisms. In fact, post-systolic shortening of the RV wall
was observed in 50% of patients with chronic pulmonary hyperten-
sion in this study [29].
In a study by Maurizio et al. [30] include 70 patients with PH,
the ratio of pulsed Doppler RV to LV total duration of ejection
was found to be not only the best derived Doppler parameter to
identify an abnormal PASP >40 mmHg, with excellent sensitivity
and specificity, but also easily obtainable and very useful in iden-
tifying dyssynchrony in the ejection between left and right ventri-
cles which occur in PH and can be identified by a simple Doppler
measurement available in all echocardiographic systems.
TDI-derived methods more accurate and sensitive than conven-
tional Echo pre-ejection period method for assessment of inter-
ventricular mechanical delay. RV-sept.TDI-Smo method is the most
sensitive for assessing mechanical delay.References
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